The results of various recent and independent investigations show, unequivocally, that cerebral neocortex is continuously and spontaneously working, even without any afferent input. These findings suggest that neuronal microcircuits in the neocortex have autonomic activity and support the concept that some cognitive functions may be the result of the functional self-organisation among their cellular components. From a theoretical perspective, it is proposed that spontaneous neocortical activity can be explained not only by electrophysiological and synaptic mechanisms but also as the result of the close magnetic interactions between astrocytes and neighboring neurons. This neuron-astroglial bio-magnetic interplay may underlie spontaneous neocortical activity and consequently some "spontaneous" cognitive functions.
Introduction 1
Neocortex is formed by a huge number of cells that can integrate inputs from multiple peripheral organs at the same time. Integration of so many inputs seems to be mediated by electrical and chemical signals created by networks of neurons firing interactively and at coherent rates. However, recent experiments have clearly corroborated various previous works that showed that neocortex is continuously and spontaneously active even in absence of afferent inputs (Beggs and Plenz, 2003; Cossart et al., 2003) . This means that external sensory information is not required for mammalian neocortex to work, suggesting that spontaneous activity in the neocortex may play an important role in some "spontaneous" cognitive functions.
Based on neurobiological evidence, we have recently proposed (Banaclocha, 2002; 2005; 2007) that neuronal activityassociated magnetic fields in the neocortex induce stable and specific three-dimensional (3-D) magnetic structures in neighbouring astroglial networks that encode and record specific information. Briefly, acquisition and consolidation of new information would be the result of an iterative process, inherent to neuronal minicolumn discharges, which result in specific 3-D magnetic constructs stuck to the astroglial network. Retrieval of memorised events is triggered when those 3-D magnetic structures induce feed-forward a significant change in the activities of neighbouring neuronal minicolumns and layers (Banaclocha, 2005; 2007) . In the present paper, we propose that the constant activation of astroglial (static) and neuronal (alternating) bio-magnetic fields interact and modulate each other, generating a dynamic and self-organized process, which may explain "spontaneous" neocortical activity as the mechanism that underlie important cognitive functions such as memory retrieval, thinking, creativity and dreams.
Neurobiological background
Our model is based on two fundamental neurobiological facts. One, that neuronal activity in CNS has associated magnetic fields, a characteristic shared by astrocytes, although they are alternating (time varying) in the first case and static in the latter. Two, the 3-D cyto-architectural organisation of mammalian neocortical astroglia that is parallel to the neuronal one, suggesting a strong interplay between them, and the ability to generate 3-D representations.
Magnetic fields associated to neocortical cells
Since 1958 (Tasaki and Chang, 1958) , it has been well established that astrocytes produce steady state magnetic fields while neurons produce alternating magnetic fields (Bradley and Wikswo, 1985; Wikswo, 1989; Wikswo et al., 1980) . The strength of the magnetic field associated with an axonal impulse (in the μT-mT range) is inversely related to the distance from the cell and proportional to the current inside the axon, which is proportional to the first derivative of the transmembrane potential. Despite the importance of the previous findings, the possible role of neuronal and astroglial bio-magnetic fields in brain information processing has not been seriously considered (Banaclocha 2005; 2007) . Unlike action potentials, magnetic fields are not obliterated by the conductivity of the extra cellular medium or membranes and do not require direct contact with molecules or cells to produce physical effects. Moreover, magnetic dipoles and domains tend to form stable closed loops and other complex constructs by self-organization when they are stuck to physical structures (Boncheva et al., 2005) . These properties suggest that magnetic forces may play a central role in the communication among the cellular components of the neocortex. Indeed, pulsed magnetic fields can influence basic processes in the nervous system (Wieraszko et al., 2005) and modulate memory related processes (Ahmed and Wieraszko, 2006; McKay and Persinger, 2003; Persinger and Nolan, 1985; Richards et al., 1996) .
Architectural organisation of mammalian neocortex
Neocortex is composed by innumerable neuronal and glial cells organized fundamentally in two parallel 3-D constructs. One formed by neuronal layers and columns (Buxhoeveden and Casanova, 2002; Lorente de Nó, 1949; Marin-Padilla, 1992; Helmstaedter et al., 2007) ; the other by the astroglial syncytium (Mugniani, 1986) . Astrocytes parcel the cortical neuropil into small domains that isolate neuronal dendrites, axons and synapses within specific geometric compartments (Nedergaard et al., 2003) . Only the most peripheral astrocytic processes overlap each other and interconnect through gap junctions, providing channels for the movement of ionic currents among astroglial cells, forming a functional and anatomical syncytium (Mugniani, 1986) . In primates, intra-laminar and inter-laminar astrocytes extend vertical processes that traverse several cortical layers and run parallel to apical dendrites within the supra-granular neocortex (above layer IV). This organisation of astroglial network provides a parcellation of the supra-granular neuropil by alternating high and low-density spaces of astroglial processes, enclosing neuronal minicolumns (Reisin and Colombo, 2002) . Therefore, it seems that the organisation of astroglial network in mammalian neocortex, and more specifically in primates, has a 3-D configuration that interpenetrate and parcellate the 3-D (columns and layers) supra-granular neurocortex.
Spontaneous neocortical activity
A few years ago, several reports demonstrated that burst of action potentials as well as local field potentials (LFPs), which reflect the state of synchronized spiking neurons of a neuronal network, contain more information than do single action potentials. Recently, in addition to oscillation, synchrony and waves, it has been described new modes of neurocortical activities, which are continuously and spontaneously working even without afferent input. These studies suggest that spontaneous neuronal activities ("cortical flashes" and "spontaneous neuronal avalanches") can play a key role in information processing and storage (Beggs and Plenz, 2003; Cossart et al., 2003) .
Cortical flashes (CF) are synchronised spontaneous activities that occur in spatially organised small numbers of neurones (Cossart et al., 2003) . These CF are distributed across the imaged fields, or organised into clusters, layers or columns. Most cells are pyramidal neurones and show two states of membrane potentials. During CF, synchronous firing neurones show a depolarised UP state (21+/-9 Hz), suggesting that several neurones simultaneously shift to supra-threshold states. The cellular and synaptic mechanisms underlying the occurrence of these CF are mediated by a combination of both glutamatergic and GABAergic transmission (Cossart et al., 2003) . In addition, the works of Beggs and Plenz (2003; show that spontaneous activity in cortical slices occurs in discrete avalanches of neuronal activity with welldefined temporal parameters. Spontaneous neuronal avalanches (SNA) were described as synchronised LFPs activities that follow a critical branching process, which optimises information transmission and storage (Beggs and Plenz, 2004) . Since long term stability and repeating patterns of neuronal activities showed by SNA families are properties necessaries for the memory process, the authors suggested in agreement with Yuste's group conclusions, that SNA (approximately 30 families of avalanches) could be used by cortical circuits to store information for longtime.
The above mentioned and previous reports have shown that spontaneous activity in the neocortex is precisely patterned and non-random (Ikegaya et al., 2004; Kenet et al., 2004; Mao et al., 2001; Sanchez-Vives and McCormick, 2000; Steriade, 2001; Steriade and Amzica, 1996) . However, it is unclear whether this spontaneous activity has any relationship to any underlying physiological mechanism. At this regard, recently, it has been demonstrated that spontaneous neuronal activity in the neocortex is the result of intrinsic cortical dynamics and/or connectivity. The observed identical spatio-temporal progression of activity from two separate starting points (thalamus or cortex) suggested the presence of circuit attractors in the neocortex (MacLean et al., 2005) . These findings agree with those previously reported by Chiu and Weliky (2001) , which demonstrated that there was a spontaneous pattern of correlated activity in the developing visual cortex of awake behaving ferrets before eye opening. This spontaneous activity persisted during transient lateral geniculate nucleus activity block, indicating that this activity was generated in the cortex itself. The above experiments demonstrate that cortical circuits can produce complex and synchronised spatio-temporal patterns of activity without any external synaptic input, which seem the consequence of intrinsic mechanisms.
On the other hand, although astrocytes cannot generate action potentials, these cells show two main forms of excitation. One that is generated by chemicals signals in neighbouring neuronal circuits, and the other that occurs independently of neuronal inputs (spontaneous activity) (Bezzi and Volterra, 2001; Haydon, 2001 ). This spontaneous activity has been observed in acute brain slices as well as in vivo studies, and is related to Ca 2+ release from internal stores and additional influx of extra-cellular Ca 2+ (Aguado et al., 2002) . These "spontaneous" oscillations are a common feature of developing and adult resting astrocytes in all brain regions and can recruit dozens of neighbouring astrocytes showing synchronisation with spontaneous neuronal activity. Likewise, reactive astrocytes lack synchronised spontaneous activity, suggesting that these astroglial oscillations depend on the functional and anatomical integrity of adjacent neurons (Aguado et al., 2002) . Indeed, although the percentage of active reactive astrocytes does not change after action potentials blockade, the astroglial synchrony is abolished suggesting that a well-preserved function of neurons is needed to synchronise spontaneous astroglial activity. These experiments demonstrate an exquisite functional interplay between neurones and astrocytes in mammalian neocortex, supporting the notion that neuron-astroglial cross-talk could be mediated, at least partially, by quantum effects through chemical reactions, opening of ion channels and ion movements as the result of reciprocal electromagnetic influences.
Cognitive functions as physical biomagnetic processes

Size of the components.
The size of the components of a functional system is a key factor in the complex information processing and neurocomputation. It seems that at cellular level (with physical structures in the µm-to-mm range) there exist the greatest control of the strength, range and selectivity of physical interactions. Likewise, systems containing μm-to-mm-sized components are sufficiently massive that they are unaffected by thermal noise. Among physical forces that can act at μm and mm scale, magnetic forces are generated by all cells, and their interactions can be reversible or adjust their relative strength and orientation within highly ordered physical structures (Banaclocha, 2007; Boncheva et al., 2005) .
Spontaneous neocortical activity and magnetic fields.
Although neuronal and astroglial spontaneous activities are mediated by chemical signals (Aguado et al., 2002; Angulo et al., 2004; Beggs and Plenz, 2004; Bezzi and Volterra, 2001; Cossart et al., 2003) , there is not a complete explanation about how and why these spontaneous activities are produced. We think that these intrinsic and highly iterative processes may have direct implication in the selforganization abilities of some cognitive functions, especially in memory, thinking, imagination, creativity, and dreams. Reported spontaneous neuro-cortical activities (CF and SNA) are very stable in time and architecture, implying they are preferred or induced states in underlying local neuronal circuits (Cossart et al., 2003; Beggs and Plenz, 2003; . One explanation for these finding may merge from the close anatomical and functional relationships that there are between neuronal circuits and the astroglial network in the neocortex. This close communication has been demonstrated at several levels of organisation, with multiple anatomical, chemical and electrophysiological interactions between neurones and astrocytes (Amzica and Steriade, 2000; Araque et al., 2001; Nedergaard et al., 2003; Seigneur et al., 2006; Tian et al., 2005) . Specially, spontaneous intracellular Ca 2+ oscillations have been implicated as the mechanism by which astrocytes stimulate their glutamate release and synchronize neighboring neurons (Aguado et al., 2002; Angulo et al., 2004; Nett et al., 2002) . However, Cossart and colleagues (2003) suggested that spontaneous CF work as dynamic physical attractors in agreement with those theoretically proposed by Hopfield in 1982 (Hopfield, 1982 . Alternatively, these authors suggested that the spontaneous activities of reported neurons were driven in a feed-forward fashion by hidden attractor states, which require other attractors to be present in the neocortex (Cossart et al., 2003) . In agreement with the later idea, we propose a physical explanation for spontaneous neocortical activity that may have implications in some "spontaneous" cognitive processes. Our model proposes that there exist an unrecognised magnetic communication between neurones and astrocytes in the neocortex, which underlie "spontaneous" astroglial and neuronal activities. This magnetic dialogue produces bidirectional physical influences that continuously modulate neuronal and astroglial activities, which are manifested as "spontaneous" activities. Briefly, the model proposes that the intensity and spatial orientation of alternating extremely low frequency magnetic fields associated with neuronal activities determine, over time, the intensity and orientation of the static magnetic fields in neighbouring astrocytes. These astroglial magnetic fields may interact each other resulting in the generation of highly ordered 3-D magnetic structures supported by the astroglial network, which would constitute the basis of memory (Banaclocha, 2005; 2007) . Theses 3-D astroglial magnetic constructs can work as those hidden physical attractors proposed by Yuste and colleagues, generating feedforward electrophysiological changes on neuronal membranes, and then, the simultaneous activation of multiple neurones organised as spontaneous neuro-cortical activity (CF or SNA). Vice versa, the model proposes that neocortical neuronal activity is continuously sculpting neighbouring 3-D astroglial magnetic structures that result in "spontaneous" astroglial activity. In this way, spontaneous neocortical activity could not be the result of random influences or interactions, but the result from the close magnetic dialogue between astrocytes and neurons.
Can static astroglial magnetic fields influence neuronal activity?
Many experimental works have shown that static magnetic fields can modulate neuronal physiology (Azanza and Calvo, 2000; Azanza and del Moral, 1994; Cavopol et al., 1995; Coots et al., 2004; Liboff, 1979; Rosen, 2003; Trabulsi et al., 1996; Vargas et al., 2006; Wieraszko, 2000; Ye et al., 2004) . Some passive membrane properties of neurones are affected by the exposure to weak static magnetic fields, increasing the magnitude of evoked action potentials and excitatory postsynaptic potentials (Ye et al., 2004) . Other studies have showed that the exposure of guinea pig spinal cords to more intense static magnetic fields decreased the amplitude of compound-evoked potentials (Coots et al., 2004) , and results in the Helix aspersa brain ganglia showed that 86% of the magnetic sensitive neurons were inhibited and 14% were excited under static magnetic field exposure (Azanza and del Moral, 1994) . The differences between the effects found by different studies might be explained by the different intensities of static magnetic fields used, but it seems that weak static magnetic fields may increase neuronal activity. This conclusion is in agreement with the results found in mouse hippocampal evoked potentials in vitro, which showed that while weak steady magnetic fields (2-3mT) exerted a transient small depression followed by a long-lasting amplification of the potentials, stronger (8-10mT) magnetic fields depressed these potentials (Trabulsi et al., 1996) .
Static magnetic fields about 0.1-10 mT were used in the majority of the experimental works reported previously, but alternating magnetic fields as low as 1 μT was able to influence semantic memory in normal subjects (Richards et al., 1996) , suggesting that the intensity of the field is not the fundamental parameter implicated in magnetic modulation of neuronal activity. Indeed, McLean and associates showed that it was the magnetic field gradient instead of the intensity, the parameter that greatly affected the firing of cultured neurones (Cavopol et al., 1995) . In this regard, it has been shown that fast firing neurones (>17 spikes/s) isolated from the hippocampal formation of homing pigeons, clearly displayed a phasic increase in firing during different ambient magnetic field conditions (Vargas et al., 2006) . These results are consistent with the concept that at least a subset of hippocampal formation neurones can change their behaviour in response to changes in direction and/or intensity (gradient) of adjacent static magnetic fields.
The above-mentioned findings agree with the idea that changes in the intensity or direction of static astroglial magnetic fields around neuronal minicolumns and layers may modify or modulate some passive membrane properties of multiple neurons, resulting in "spontaneous" and synchronised neuronal activity. In humans, these magnetic gradients may result from rearrangements among multiple intra-and inter-laminar astrocytic magnetic domains, as the consequence of the cyto-architectonic organisation of the supra-granular neocortex (Banaclocha, 2007) .
Quantum bio-mechanic (QBM) influences
The transduction of external physical information (mechanical, visual or chemical) into electrical signals is carried out by different cellular receptors. This information is converted in action potential burst that, after some intermediate steps, arrives to the neocortex where it is integrated and storage. In addition to classical electrodynamics for explain action potential generation, it has been suggested that there is a quantum modified Hodgkin Huxley equation for neural activity, with classical behaviour in the limit, that reproduce the behaviour of action potential pulses in neocortical neurons (Summhammer and Bernroider, 2007) . Like local fields potentials (that reflect the state of synchronized communicating neurons), which contain more information than do single action potentials, bio-electromagnetic fields generated in astrocytes and neurons would resume, as a whole, the quantum biomechanic information generated at nanoparticle scales. Indeed, statistical mechanics of neocortical interactions (SMNI) studies have developed probabilistic distributions at microscopic (neurons), mesoscopic (minicolumns) and macroscopic (neocortical areas) scales (Ingber, 1984; 2009) in agreement with the architectural organization developed by Nature in mammalian neocortex. The results of SMNI studies give strong support for describing interactions among neurons, minicolumns and different areas of the neocortex that are consistent with the reciprocal electromagnetic interplay between neuronal and astroglial networks proposed previously (Banaclocha 2002; 2005; 2007) for explain short-term memory and neurocomputation. Moreover, recently, we have conjectured that the neocortical magnetic dialogue between neuronal and astroglial networks may have quantum scale effects on brain bio-magnetite biogenesis and distribution in neuronal and astroglial membranes (Banaclocha et al., 2010) . We have proposed that bio-magnetite nanoparticles play a key role in the transduction of magnetic signals produced inside the neocortex itself by neurons and astrocytes. In virtue of their physico-chemicals properties, magnetite nano-crystals could be distributed in neuronal and astroglial membranes in a bio-controlled manner, supporting the bidirectional magnetic interplay necessary for long-term memory and retrieval at quantum level. These effects would depend on the specific distribution and quantum biomechanical actions of single-domain and/or super-paramagnetic bio-magnetite in the cellular components of the neocortex and the controlled manipulation of their magnetic moments (Banaclocha et al., 2010) . Then, the growing structural complexity of the biocellular organization (with physical sizes in the μm-to-mm range) that allow the greatest control of the strength, range and selectivity of physical interactions can resume quantum bio-mechanics entanglement. In this way, physical information at microscopic and mesoscopic scales is sufficient massive that it is unaffected by thermal noise. Beggs and Plenz (2003; suggested that SNA are the result of self-organisation in a complex system with non-lineal elements that are interconnected. Both, selforganisation and dynamic physical attractors are emergent properties of open systems that follow a chaotic dynamic (Faure and Korn, 2001; Freeman and Barrie, 1994) . A physical attractor is defined as a set to which a dynamical system evolves after a long enough time. Geometrically an attractor can be a point, a curve or a more complex structure as those called fractals. Dynamic open systems made from large numbers of interacting components, as it is the case of the mammalian neocortex, can yield collective physical phenomena such as the stable magnetic orientation and domains that could be recruited and rearranged into magnetic structures in virtue of their selforganization ability (Boncheva et al., 2005; Hopfield, 1982; . We propose that selforganisation of astroglial magnetic fields in 3-D magnetic constructs can work as complex and dynamic physical attractors, driving and modulating spontaneous neuronal activity in the neocortex. This could explain some spontaneous cognitive functions as the result of magnetic physical properties that arise naturally as consequence of the cyto-architectonic organisation of the mammalian neocortex.
Attractors, self-organization and cognition
Hopfield showed that any physical system whose dynamics in phase space is dominated by a substantial number of locally stable states to which it is attracted could be regarded as a general content-addressable memory. A general content-addressable memory would be capable of retrieving a complex and complete memory item based on sufficient partial information. In these systems, the phase space flow is controlled by attractors that are the nominally assigned memories, each of which dominate a region around it. Thus, a set of memories can be stored in a matrix of interconnected elements in such a way that particular memories can be reconstructed from a starting state that gives partial information about one of them (Hopfield, 1982; . This matrix of interconnected elements truly exists in the human cerebral neocortex, called the astroglial network, which interpenetrate and parcellate neuronal circuits, and show "spontaneous" oscillations. Indeed, the neocortical cyto-architecture allows the construction of magnetic structures generated by self-organisation of multiple individual astrocytic magnetic domains. These 3-D astroglial magnetic structures would induce changes in neighbouring neuronal activities by magnetic induction or direct modification in neuronal membrane electro-physiology (Liboff, 1979; Rosen, 2003; Wieraszko, 2000) , explaining the synchronised and spontaneous neurocortical activity demonstrated in previous works Plenz, 2003, 2004; Cossart et al., 2003; Ikegaya et al., 2004; Kenet et al., 2004; Mao et al., 2001; Sanchez-Vives and McCormick, 2000; Shu et al., 2003; Steriade, 2001; Steriade and Amzica, 1996) .
In this regard, it is important to keep in mind that the proposed 3-D astroglial magnetic constructs depend on the long time effect of alternating magnetic field generated by neuronal activities from neighbouring neuronal minicolumns and layers (Banaclocha, 2005 (Banaclocha, , 2007 . Therefore, neuronal alternating magnetic fields continuously would modulate, by an iterative process, the astroglial static magnetic fields, which are stuck to the astroglial network. This would constitute the basic processes known as memory plasticity and learning. Consequently, creativity, imagination, thinking and dreams would arise "spontaneously" when magnetically memorised items in the astroglial network drive feed-forward coherent and synchronised neuronal activities in specific minicolumns and layers. In this model, dreams may be constructed from starting magnetic physical states that give diverse partial information previously stored in the astroglial network.
The present model proposes a new physical view for some "spontaneous" cognitive functions (memory, thinking, imagination, creativity and dreams) based on the interactions of magnetic forces at cellular level in the neocortex. Thus, some unexplained cognitive functions could be integrated in an open and dynamic physical system that merge naturally from the magnetic interaction between neuronal and astroglial networks in the neocortex.
